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COMPLBTB SPECIFICATION 




Ion KyflhMige Materials 



We, Ambbscam Macrimb & Fodm0by 
CoMPANT, a ooiporatiazi of the State of New 
Jmey^ United States of America, of 261 
Madison Avenue, New Ya^ 16, State of 

5 New Tod^ United States of America, do 
Iierebfy dedare the hxventiDii, for wfakfa we 
ps^ that a pa^ may be granted to xa, mi 
the mediod by wfaidi it is to be perfonned^ 
to be pardadady descdbcd in and by the 

10 following Btetenieot: 

This inventioa rektes to molded and odier- 
wise shaped thamoplastic ptoducts and sped- 
fically to ^ose constitated of a phnality <^ 
dfffrrent ion-eKdiange materials randomly 

15 mixed toge^er. 

It is weU-lmown to make shaped artidcs by 
nuzing tc^gether finely ground icMi-ezdiange 
resins and a thexmoplastic binder and fouuli ig 
the miztnre into an artide sudi as a sheet or 

20 memtncane. In iaiown artides the ion-exdiange 
material has been either anion or c^ioa ex« 
diange tesan, but not a mbcture of both types. 
Membranes made by holding tx^gedier 
partides of resin with an inert are 

25 lOQOwn as heterogeneous and di^lay two dis- 
tinct phases in tliat the partides can be pi&ed 
out of or distinguished witiun ihe adhedve 
matrix* 

It is also known to make diaped artides 
30 from a sioMe kind ion-ezchaxige matexial^ 
sudi as i^^on-ezdiange material^ m wixidi the 
mafftrial is in a sbide contunious phase. Gener- 
ally these are neady transparent. Sndi artides 
are considered to be homogenetMis. 
35 lon-exdiange materials are also known which 
are hmiogeneous thennopla^c polymers. 
Graft copolymers of polyethylene and styreae 
sulfonic add, fxa exampk, are formed as ion- 
exchange partides whidi are pressed togedier 
40 as Bteecs or membranes in Fotem Speafica- 
tion 926,477. 

Pteviousiy it has been known to make 
slaped artides amtaining ion^diange groups 
of eidier tiie cation-exdiange or anion-ezdiange 



cBtegoryj but prior to this itweotioii no shaped 
artide was known jyvntHn^mg randoDBi fwnltiplg^ 
syndtedc, organic thennoplastic icHi-egcdiangB 
materials of botii categpiies. 

None of the poor ion-eidiasge manofiBO* 
tures have frt dndfld bodi and cadon- 
exdwnge propcctics. Sudi a combinatioQ of 
ptoperdes is useful in a battery sepantori lor 
fxnTnple . As memhfanes these matedals may 
also be used as imn-selective or low selectivity 
ion pcnneable barriers in dectiodialysis and 
in pressore dialyos or in fod ceils. 

According to the present invention we pro- 
vide a meSxid of making a oompodtiQn of 
matter conqsxising mixing togaher at least 
two ion-exchange materials, one of whidi is 
(Hcedominantly a cation-exdknge material and 
anotlier of wfaidi is predominantty an ani(si- 
exchange material, and the ioiHexdiange 
Tnate ri als are organic polymers which are ion 
condnctive in an ekctdc fidd, and at l^ist 
one of said polymers la theimoplastic^ to form 
a random mixture and t h e r e afte r Ribjeotittg 
said mixture to pressure at a temperatnre at 
which the thermoplastic mflterfgi bonds the 
ion-exdiange materials together into an integral 
self-suppoi&ig mass. When partides of ion- 
exchange mixed pdynuer marmaTs arc pressed 
togedier and I^ated, or are treated on the sur- 
face at least witii a solvent winch partially 
softens ihem^ ihey may be formed into useful 
^ped artk^es. The ^mcture of die artide is 
generally homogenous and shows a ccffltinnoas 
transhicent phase. The arddes tl^msdves may 
be further w^)ed or wdded together to make 
larger fcnrms; and t^ienings and cradks may 
be patdied by wdding. Ions of bodi agns will 
be conducted through ibe articles when ihey 
aie used as barriers between electrolyte soh»- 
tions in an decttic field. By varying d» pro- 
pofdons of negative and po^tive resin it is 
possible to control ion transpm sdectivdy. 

For the purpose of the invaxdon it is pos- 
sible to use any organic polymers which can 



45 



50 



60 



65 



70 



75 



80 



95 



2 



1,048,026 



be rmvpA m partkdlate f ann and caosed to 
edhece togetoK to form a meclnnfcally 
cohctent uMupostfoo* 
The pardculflte material may have a mesh 

5 size of 15 to 75 United States of America 
Standard mesh size 

The compoaitian is ion-cxnidiictive and may 
be lon-selective ^^lea a prqpondetance of 
ehfacr cation or anion material is nsed to 

10 make it. Addinomd plasddzer, reinforcemeot 
sodh as fibent, or dye material may be in* 
dnded in the ouxqiositian, but generally extra 
adhesive Is not i^ed. However, v/ben pdf- 
ettyknt base ian-exdinnge lna^oerial is use^ 

15 it is scnnetimes useful to include a minor 
^Tpnamt of Other polyolefin material sudi as 
tetrafiucMroethylene in order to impart chemical 
stabili^ or heat lability and al»> to diluxe the 
esdiange capad^. It is also usefol to mix 

20 particles of different paljaner tjrpes such as 
polyethylene styrene sulfonic acid with poly- 
tetrafluoro^^eoe styroie sulfcmic add. Such 
a mixture comhines the diemical xesistasoe of 
die flnoropolvmer and the earner bonding pro- 

25 parties of po^^ylene. 

By a mediamcally cohexeot random mix- 
ture is meant that the constitaenc ingredients 
are associated with eadi other so that diey 
hold togedier widiout necessarily being 

30 arranged in any particular pattern and are 
sdf -supporting m usefcd shapes and dzes. 

A predominantly cadon-ezdian^ material 
may conmin stnne anion-excbangB groups in 
low prc^KxrtiQn to cadofr«xchapge groups and 

35 vice versa. 

The present invention indndes only or:ganic 
polymers as the ion-exdiange matenaL This 
material when used as a barrier bmreen two 
aqueous dectrolyte soludons is ion-conductive 

40 when a direct electdc current is impressed 
across it and the sdudons. Acoordin^, ion* 
ezdiange groims ext^id throc^bout the 
material} since if they were present cmly m 
surface layers, the bat tnterfof would blodc 

45 movement of ions and serve as an dectdcally 
msobtbg bardar. 

An mt^ral sdf-sopporthig mass^ can be 
diaped and framed and is sdbstaDdally im- 
pervious to fluid excqit for local swelling and 

50 jm Aeffl transpcyt indiiduig far cxann^ water 
of hydrotioin. The dietmi^dastic roatmal seals 
the interstices between areas of icm-excfaange 
material so diat fluid does not flow or diffuse 
iher^Kiween. 

S5 Example I 

A cation-exchange uiatCTial is made by 

Sladng pol^cth^ene ream partides of den^ty 
.92 in monomei'^rade serene free from poly- 
merization inhibitor and confainTng a catalyst 
60 viz* 0.05% benzoyl peroside and heatmg the 
suspension at 75^ until the particles have 
increased tn weight by about 25 per cent 
Whoeiqmn the particulate graft copolymer so 
formed is separated, from the styrene, washed 
65 whhetb^enediddoride, and then treated with 



a 10 per coit sohidon of ddorosulfdnic add 
in ediyiene dichloride at 25^ for two hours. 
After a second washiqg in ethylene didiloride 
the parddes are aif^iried and dien hydrolyzed 
in 5 per cent aqueous sodium hydroxide for 70 
about IS hours. The cadcm-exdiai^ particles 
so f on^ are then washed in water ard dried. 

Anion-cxcfaai^ material is made from the 
same o^tymer by treatment of the cation- 
exdiange material wnh 15 per cent stannic 7S 
ddodde and 5 per cent paraformaldehyde hi 
dibroroethyl med^ ether for one hour at 
75S washing with ethylene didiknid^ treat- 
ment whh 20 per cent aqueous trimeth]^amine 
for 18 hout% followed by wasUng with 5 ^ so 
cent hydioddoric add, and washmg wxdi 
water. 

Material made according to specification 
Patent 926/i77 may be substhuicd for the 
above. ^ ^ 85 

Finely divided pieoes of the two materials 
made above are an: dbdcd and then 10 parts 
of each are xotermixed. The mixture is placed 
on CBie piece of aluminum foily patted down 
to fbrm a layer about 0.01 indies thick, and 90 
covered with anoito piece of aliimfnnm f oiL 
The wrapped layer is placed in a laboratory 
press at 150^ and then subjected to 1000 
psl for two minutes. A dear self-fiuppordng 
film of flexible amphoteric ion-exdiange mem- 95 
brane is tiius made. Pressure may range up to 
about 15^ psL 

Example n 

Seven parts of the cationrexdiange material 
of Bxample ^ two parts of the anion ex- 100 
change material of Ciaiiqile Ij and one part 
of polyediylene pellets of 0.92 dendty and a 
men mdex of 10—15 are dionm^uy inlx3>- 
mized and by the mdtfaod of Exar^p^** I sob" 
jectedtD lOOOpsifor dneendmnesat ItiO'Kl 105 
in a mold to fonn a molded artide in the form 
of a disc having btiie^ and pto}ectian8 fdr 
medianical mounting* 

ExAMPtB m 

Seven parts cf the catkm-^xcfaange mateiiai 110 
of Example I (30 mesh) and tbzee parts of a 
porous polystyrene ijtiatemary amine ion-ex* 
change resin available from the Kohm and 
Haas Co. of Philaddphta, Pa., as Ambo^ 
(R^stered T^ade Matk) IRA-401 (tf about 115 
20 to 50 mesh are ihorou^ily mixed and sub- 
jected to 1000 psi for five mmutes at 175°C 
by tiie mediod <2 Example I and foDUed hito 8 
s&eL 

WHAT WE CLAIM IS:— 120 
1. A BKihod of making a compositum of 
matter coomri^ng yrmring togedier at^ least 
two ion-Q^ange materials, one of whkh is 
{iffedomioantly a cad(m-exc^nge material and 
another of v^iicfa is predominantly an anicm- 125 
exdiange material, and the ion>exchange 
materials are organic polymers which are ion 
conductive in an electric field, and at least one 
of said polymos is thmnopJasdc^ to form a 
randan mixture and thereafter su^ecdng said 130 



10 



voixSxat 10 pressure at a temperatizrc at 
fUdi the lliennaplflstk laatenal bcmda the 
^raduajee Tnafrriah togetber into an 
ntOgial GCu-sittypoEttng mass. 

2, A ineduM acoocmog to daim lia^Aich 
4e s^nte ion-adiaiige matcrialB are pio- 
viaed m the foim of parses. 

3; A nutiiod accrading to any of liie pi&< 
cedntg daims wlierdii at least coe polymer is 
mule by cUocDsnlphonatmg polycd^laie par- 
TOtt that have been treated with Tnimfimprtr 
styrenc and a cata^st. 



4. A metfaod according to any of tlie pxe- 
ceding claims in wbidi tiie int^ral self-n^H 
parting mass is shaped into a film to f oon an 
lon-ezcbange niembiane« 

5. A method as claimed in daim 1 substan- 
tia% 88 lierdnbefoie descdbed. 

For the Appficants: 
MATTHEWS, ffiDDAN & CO^ 
Chartered Patent Agents. 
31/32, Bedford Street, Strand, 
londott, W.C2. 
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